*  ■%  -  ■» 


OTS:  ^0-4] 


JPRS:  4038 


AD-A286  610  19  September  I960 


PUStBIiilTY  DIAGRAM  OP  THE  Ti-Cr-Mo  SYSTEM 


By  N,  Bi  Gmim-Grzhimaylo 
and 

V.  G.  Gromova 


..  -j  j 


DTiC 

ELECTE 

AUG  1  8  1994 


-  USSR  - 


DliC 


r.. 


This  docuJBeat  hcs  be«n  approved 
ioi  public  leliQse  and  sole;  its 
distribution  is  calunited 


CCT  .u  ^ggQ 


Distributed  by: 

OFFICE  OF  TECHHICAL  SERVICES 
U.  S,  DEPARTMENT  OF  COMMERCE 
WASHINGTON  25,  D,  C. 


U.  S.  JOINT  PUBLICATIONS  RESEARCH  SERVICE 
205  east  42nd  STREET,  SUITE  300 
NEW  YORK  17,  N.  Y. 


9"  8  "17  099 


0 


Best 

Available 

Copy 


JPRS:  4038 


1 


CSO:  1029/d-3 


FUSIBILITY  DJAGRAI-'  OF  TK2  Ti-Or-Ko  SYSTL:; 

-USSR- 

.  Following  is  a  translation  of  the  article  "Dla-jrarina 

plavkosti  sisteny  Ti-Cr-Mo''  (English  Version  above)  by 
N.  B.  Gmm-Grzhiiaaylo  and  V.  G.  GroKiova  in  Dokladv  instituta 
it^tallurrii  irieni  A.  A«  Baykov  (Works  of  the  Institute  of  ibtallurgy 
iir,eni  A.  A.  Baykov),  No.  5,  Production  Ketallurgy,  Physical  Meta¬ 
llurgy  and  Physicochemical  Methods  of  Research,  Moscow,  I960, 
pages  145-150. 

A  characteristic  peculiarity  of  the  components  of  the  triple 
Ti-Cr-Mo  system  is  their  chemical  activity  at  high  temperatures. 
Metallic  molybdenum,  stable  in  air  up  to  400*^,  forms  the  oxide 
MoO^  above  600°.  Titanium  possesses  great  affinity  with  oxygen  and 
nitrogen.  Interacting  with  them,  it  forms  limited  solid  solutions 
and  compounds.  It  follows  from  the  phase  diagrari  of  Ti-0  (1)  and 
Ti-N  (2)  that  oxygen  and  nitrogen  considerably  raise  the  temperature 
of  the  polymorphouatt^  (3  conversion  of  titanium,  expanding  the  area 
of  existence  of  the d, -phase.  Hydrogen  also  dissolves  in  titanium, 
considerably  lowering  tbs  temperature  of  its  polymorphous  conversion 
(3j  4) • 

The  Ti-Cr  system  (Fig.  1,  I)  has  been  investigated  by  a 
number  of  authors  (5-11).  It  h^s  been,  established  that  in  the  primary 
crystallization  process  ^titanium  and  chromiuia  form  a  continuous 
series  of  solid  solutions.  On  the  solidus  curve  a  minimum  melting 
point  is  observed  for  alloys  with  a  content  of  about  50%  Or  by  weight. 
When  the  temperature  is  lowered,  there  is  a  decomposition  of  the 
solid  solution  with  secretion  of  an  intermetadlic  compound. 

The  question  of  the  composition  of  the  compound  has  been 
solved  in  different  ways  by  various  investigators  (5-7).  According 
to  radiographic  data  (7)  the  compound  corresponds  to  the  formula 
TiCr2  and  has  a  cubic  face-centered  lattice  of  the  I’igGu2  type  with 
period  a  =  6.929  A.  Further  investigations  (12,  13)  have  revealed 
a  high-tomperatvire  modification  of  the  compound  TiCr^  with  a  lattice 
of  the  MgZn2  type. 

The  nigh-temperat\ire  modification,  having  a  Jiexagonal  lattice 
(a  =  4*922  KX,  c  =  7.945  KX,  c/a  =  1.614)  exists  above  1300°,  while 
the  low-temperature  one  with  a  cubic  face-centered  lattice  (a  =  6.929  A) 
occurs  at  temperatures  below  1000°.  In  the  interval  1000-1300°  the 
j co-existence  of  the  two  modifications  is  possible,  j 
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rich  area  of  the  Ti-Cr  systc';  a  eutectoid  conver.’ '.on  p  ^  CC 't 
TiCrp  is  observed.  Aecor'ilr.g  to  the  da'.a.  of  (  ■')  tr,c  0  '.t»otc:d 
^'<5  no  ?:.0-  note ^*^  xf.cn  at  '..nxy'  an'i  lO'  at#  Vjr.  i-.o  .n  v'xr  .*> 

the  ten';vjratn’'c  cd  one  euteetoli  conversion,  '■'>?  co;  ;  osJ.n;’'.  .  c.;'  tnc 
eutectoid  point  ario  tne  solubility  of  crxxn.lun.  in  cX-oitanh^M  ax 
different  tesuperat^ires  are  apparently  to  bfi  explained  0.7  v.he  different 
.  degrees  of  conta  .inaticvi  of  the  alio^xs  vrLt.b  o.vygon  an-i  nlt’-ogen,  — 
and  are  alsn^,  as  sbo’/rti  i:  (14),  the  consequence  of  xco  slov  a  cooling 
of  the  alloys  in  hardening. 

la  the  Tl-.Mo  aysterj  (Fig.  1,  II  (lv-1?)  titan'in  and.  i.clv'- 
bd-inon  dorr^  boxveen  eacn  ether  a  conxinaouo  series  of  sc  hid  s...sntion3 . 
Increasing  t;  c  luoiyhdonur  co.itent  results  in  a  co'*ti  nunu-  rise  in  t.i.n 
nelting  .x'.int  of  alloys.  idolybo.eii'.ax,  like  chrcr.iiu.,  lov'rs  the 
teripfjrat'.ire  0.1"  the  polvEiorphous  ^  conversion  of  titaniis  .  and 
increases  the  stability  of  the  ^-phase. 

The  solubility  of  roclybderi':ux  in  the  oC-p.hase  increases  -.'Ith 
decreasing  teiarierature  and  does  not  exceed  Q.F)  at  600'"' j  at  tl.is 

teispe nature,  the  boundary  between  the  phase  areas  &)/<^  runs  near 
0< 

*--'.*,0  • 

iladiographic  invcst.igations  of  alloys  (I'i)  bardined  Iror  800^" 
have  shown  that  titanima  increases  the  p^;ricd  cf  the  r.olybdenu 
lattice,  b.'it  no  linear  dependence  of  the  period  upon  t}:e  ccr.posltion 
is  observed.  In  trie  raxiio.graphs  of  alloys -with  60,  70,  cO  -ai.d  90:'.  'no 
addition^'  lines  appear,  the  nature  of  wiiicii  has  not  been  sscertai-ned 
'oy  the  authors.  Because  of  the  extre!.,e  slowness  of  ti.e  diffusion 
processes  at  teniperatures  below  600°  the  alloys  of  the  Ti-lic  syste.i 
have  not  been  stud.ied  by  the  classic  nethods  of  physico-cho;..'.cal 
analysis  and  consequently  t'r;ere  is  no  certainty  that  no  conversion 
take.'=  place  in  the  solid  state  at  lower  te’aperatures.  As  s'r.owu  by 
a  study  of  t'ne  Hall  constant  (iB),  the  forriation  froi:i  the  solid 
sciutions  of  chOLiioal  cor.pounds  having  the  coiiiposition  li/I'.o, 

Ti.d-!o  or  Tilio,  is  pc.ssible  in  the  system. 

In  the  Cr-Ho  system  (Fig.  1,  III)  (19-21)  in  the  solid  state 
the  alloys  form  a  coutinuous  series  of  solid  solutions.  On  the 
sol'dus  line  a  ii.inir.uxi  is  observed  at  l''C0°  axd  a  25/  ho  cci.tent. 

T:';0  molting  po.int  of  chrcnlux.;  is  1770°.  Invsst-if  ation  (.?.2}  has 
established  the  presence  cf  a  polyT.-.crpiious  conversicr.  cf  chroro-r.-::: 
at  lc-30°,  while  the  melting  point  cf  pui’e  chroirian  is  flxeu  at  lvl0°, 
Witr.  the  presence  cf  a  polymorphous  conversion  in  chromiur.',  the  phase 
diagram  of  Cr-ho  given  in  (21)  cannot  bo  regarded  as  conplete,  and 
ahditicnal  irvestigatiens  are  r.quired  to  refine  it. 

h'or'p:  (23)  gives  data  on  the  thermal  analysis  in  the  investi¬ 
gation  of  the  Cr-I'o  system.  The  results  of  the  thermal  analysis 
show  that  the  riinirnuu  on  the  liquidus  curve  is  observed  at  a  ih.ghor  1 
I  t^emjeratijre  (1S60°)  and  with  a  higher  clironium  content  (about  -J 


I  8O5S  by  vibight).  In  the  solid  stat,6  there  are  a  nur.ber  of  points  ^ 
vdiich  are  apparenti?  cor-  ted  with  the  conversion  in  the  solid 
state.  These  data  agret  i  earlier  works  (24). 

The  triple  systr:  ;r->!o  has  not  been  sufficiently  investi¬ 

gated,  In  (25)  a  lirdt>  .  ■'ea  of  alloys  with  a  n^rh  tltanruir. 
content  hao  been  ctodi^h.  thi  te;.iT;er/’.t/.'ro  intorv'-i  o" t vcc 0  ‘'.O 
and  13C'0‘-'.  The  phase  bcuT.iari-'S  have  h^en  icLer.:  ty  t;.e  v .  '  a- 

metric  method  (26),  uhe  application  cf  whin,  is  favci-aoie  btcco  sc 
^  cf  the  presence  of  an  extensive  area  of  the  B-phase.  Gharacteristicr— 
of  the  Ti-Cr-Ko  system  in  the  titanitim-rich  area  is  tne  repression 
of  the  eutectoid  reaction  TiCr^  taking  place  in  tte  dxial 

systSiii  Ti-Cr,  and  the  enlargement  of  the-  area  cf  ^  +  TiGro.  The 
uork  gives  the  isotherrasA  cross-sections  at  6OO,  65O  and  ^00^,  the 
isotherms  cf  the  ^s^irface,  the  j.octi.erms  of  the  ^  (p  +  TiGrk) 
suriaco  and  the  vertical  soclions  witl  contents  of  4  R-’id  Ito, 

4  and  8?;  Gr  ard  90,  80  and  TO!'-  Ti.  The  sclidns  surface  has  been 
constructed  the  isotherms  cf  the  surface  of  incipient  meltinr  of 
the  area  investigated  have  been  represented. 

Works  (2'?  and  28)  are  devoted  to  the  study  of  the  mechanical 
properties  cf  various  triple  and  quadruple  alloys.  The  literature 
contains  references  to  unpublished  works  (12)  concerning  the  alloys 
of  the  Ti-Gr-Mo  system. 

It  can  be  seen  from  a  reviexe  of  tne  literature  that  no 
complete  investigation  has  been  made  of  the  triple  system  Ti-Cr-^^o. 

The  prc'^ent  work  is  devoted  to  the  study  of  the  interaction  of  the 
coiTiTJonents  in  the  triple  system  Ti-Or-Ko  and  the  construction  of 
a  pnase  diagreuti  of  them. 

The  diagraiii  of  the  fusibility  of  the  system  studied  was 
investigated  for  2  days;  5  days  for  the  molybdenum  base.  Homo¬ 
genization  completely  eliminated  liquation  in  the  composition. 

The  micros  true  ture  of  the  alloys  was  im'estigated  after 
various  regimes  of  thermal  treatment.  To  ascertain  the  stnicture 
of  the  alloys  of  the  trij.ile  system  Ti-Cr-Kc  from  tj^e  aspect  of  the 
chromitmi  and  molybdenum  angles,  electrolytic  etching  was  applied 
in  5%  oxalic  and  2^'  hydrofuoric  acid,  respectively.  To  etch  the 
titanium-angle  all.oys  a  reagent  of  the  follcwing  composition  was 
used:  60  parts  of  glycerine  +  20  parts  of  concentrated  nitric 
acid  +  20  parts  of  hydrofluoric  acid. 

Some  characteristic  micros true turss  of  alloys  are  shown 
in  Fig.  2,  The  alloy  with  55^  (by  weight)  Ti,  36%  Cr  and  9,'.  Ko 
after  hardening  from  1200°  has  the  structure  of  a  solid  titanium 
solution.  The  microstructure  of  the  two-phase  alloy  consisting 
of  a  liiixture  of  p-titanium  and  TiGr^  is  shown  in  Fig.  2,  b. 

According  to  the  X-ray  analysis  data,  the  TiCr2  after  hardening 
from  1200°  is  foxajd  in  two  modifications;  cubic  face-centered 
ar<d  hexagonal.  Fig.  2,  c,  d,  e,  shows  the  microstructures  of  alloys  1 
Ijghich  are  one-phase  af  ter  hardening  from  1200°,  In  the  alloy  with  — ^ 


I 


15%  (by  weight)  Ti,  68^  Cr  and  l'?%  Mo,  deccii-position  of  the  solid 
chroiaium  solution  with  secretion  of  TiCrj,  is  observed  after  harde¬ 
ning  from  900°  (Firr,  2,  f) . 
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Legend:  1.  Weight  by  charge,  %  2.  Melting  point  °  C 

3.  Weight  by  charge,  %  4.  Melting  point  °  G 


”1*  •  CQMr.LUSI0I!3 

1.  The  solidus  surface  of  the  Ti-Or-I-to  is  constructed;  the 
solidus  surface  corresponds  to  tiie  for^iatiou  of  a  contiriuous  series 
of  solid  solutions. 

2.  The  deco;r.;.osition  of  the  soli,  solutixnis  '.'iuh  societior. 

of  the  cher.ical  compound  TiGr2,  which  takes  places  In  the  dual  system 
^  Ti-Cr,  is  also  observed  in  the  triple  system  Ti-Gr-Mo. 


Fig.  2.  Microstructures  of  the  alioys  of  the  systet';  (x^OO) . 

(all  porcer.tapes  by  weight) 

a.  5%  Ti,  36:;'  Cr,  9-1  Mo,  hardened  from  1200°,  solid  solution  of 
B- titanivwc ; 

b.  40^^  Ti,  593  cr,  lO/^  Mo,  hardened  from  1200°,  p-titaniuc.  and  TiCr2; 

c.  155S  Ti,  68%  Cr,  17%  Mo,  haardened  from  1200°,  solid  solution  of 

chromiuBij 

d.  40%  Ti,  29%  Cr,  49%  Mo,  hardened  from  1200°,  solid  solution; 

e.  10%  Ti,  10%  Or,  89^-  Mo,  hardened  from  1200°,  solid  solution  of 

molybdenum; 

f.  15%  Ti,  68%  Or,  1?%  Mo,  hardened  from  900°,  decomposition  of 
solid  chromim  solution  with  secretion  of  TiCr2. 
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